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Observation of the Coalescing of Beam Into an Asymmetric RF 
Bucket by Stochastic Cooling 
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bmm distribution obsewcd on a gap monitor is rhown in 
ABSTRACT Figme 1. The RP voltage is alao shown. The refarivc time of 

An*masbthcdahchatigatPc3milabhawbsen theRFwithrrJpcctu,ihcgapmMliulrhasbwnadjusruiin 
obsavcd to be brmchcd outaide of the “barrier bocket” when the figure m the capectcd location. The gaps in the beam 
co&d to small Ap/p with the stoebastic cooling. This distribotion caasad by the batria bocka are clearly visible. 
bunching occurs ia the same location as a very small stable and the disb%mfion is noably asymmeaic. 
bucket in the RF wave form. Ihe stochastic coolinn armcam - . . 
lo be cauping beam lhal ia originsuy uniformly diatlibnld m 
becqaurcdbythisstablebo&% 

L INTRODUCI’ION 
During normal stacking opaatioos ia the PBAR somxc 

antiproms are lnjcctcd into be debwber storage ring sod 
cooled in all dnu dimeosiotta by stochastic cooling for several 
seconds kfora bebtg mnsfarcd 10 the scctmlltlator smmge 
ring. while in the debonchw a baniw bockat RF system is 
wcdtopmszveagapinthcbcamdisnibation. lhiscosmea 
that the barn cm be inject& into the smaller cinxmfemnce 
accumulata with high efticiaxy. 

Time (400 nddiv) 

Figm-e 1. Beam distribution on the gap mooimr after 2.4 
sccotaisin&tamcha.attdBPvo1mgewavesam 

IL BBAM DISTRIBUTION AFl-ER 2.4 SECONDS 
IN DBBUNCHBR 

Tlte beam is initially iojoctcd oniformly iom the space 
outside of the barrier bucker Afta 2.4 seconds of cooling the 
longimdinsl enagy distribution is roughly gwasiae with a 
standard deviation of aboot Ap/p = 0.08%. At this time the 

t Operated by the Uoiveraitica Rwxch Association. Inc 
unda contract with the U.S. Dep&mmt of Eoeqy. 
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Figore 2. Particle Trajectories in the RF bucket. 
Cottcou.rs are 0.01% apart in Adp. The synchmuon 
p&odisshDwnfoxafewuajcctaLs ‘lIedotted-is 
apossiblcpathlhataparticlemaytalreasitiscooltdby 
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l?gmc 3. F’rrdicted the distribution of beam injected 
tmifmmly inm the bucket showa in Figme 2 with no 
mdingafta24seconds 



III. BJXMDISTR.lBUTION AFER CQOIJNG 
-ne.Bsy”“leuyi”therbovcdishibudo”hasbecnmodeled 

usinnaoanicletrackinncodesimilartoESMB. Theinitial 
unif&m-beamisiajec&ioffceataintothcasymmetricbucket 
shown in Figure 2. Aftu a few seconds the limo distribution 
of the beam is predicted to look as in Figure 3. It is 
asymme~cdoU,thefacl~mebuckethasmarcphasespace 
area on the right hand side. There is good qualitative 
agreement buween dtc two distributions. 

If the team is cuolod for about 15 seconds in rhe dcbuncha 
the longitudinal energy distribution will stabilize with an 
enagy qmad of ahout Ap,$ = 0.03%. ‘llte beam on the right 
hand side of Figure 2 cannot he cooled if it remains on the 
same contotu line Tlhaetk, as it is cc&d it spirals in along 
a path similar tu that showt by the BIIOW in Figure 2. ‘Ihe 
team distribution on dte gap monitor afta about 15 seconds of 
cooling is shown in Figure 4. Almost all the antiprotons 
have heen pushed against the edge of the barrier bucket. The 
large spike and two shoulders in the beam distribution closely 
match the details in the RF wave form. 

For instance, a 400 ns wide kicka centered in time at the-- 
point indicated by the arrow in Rgwe 4 could inject a fresh 
pulse of beam. which the stochastic cooiing would then cool 
into the bunch at the left In principle this is a much simpla 
m&cd of stacking dvaa is currently used. it may have some 
b-haent advantage ova the existing technique. 

V. CONCLUSION 
This paper documents an& case of bunched beam 

cooling[*-21, a slowly emerging field. It appears that 
stochastic cwling indeed cools bunched beams, and in the 
presence of an asymmetric RF field can cause. apparent 
bunching of the team. 
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Figure 4. Tie distribution of beam in Debtmcha after 
lo-20 seconds of cooling, and d?e RF wave fam. 

A series of inv~ showed that bunching depended 
only on how much cooling had heee done to rhe beam. i.e. 
after cooling for 15 seconds the stochastic cooling could be 
turned off without effecdng the distribution. l’lte amout of 
bunching did not vary if the cooling systan ww tuned to give 
thcbeamanaincrweordecreascinenagy. 

IV. POSSIBLE USES OF ASYMhETRIC RF 
BUCKETS FOR STACKING 

The coalescing of beam by wchastic wling opens up the 
possibility of stacking in Ihe time domain rather than the 
energy domain, as is now done in the PBAR source at 
Fermilab. ‘Ihis could allow stacking in an accelerator with a 
mom convemional Iattice dun the accumulator, where a very 
high dispasion section is used tu physically separate the fr& 
injatal pulse from the accumulated stack. 


